Introduction
Saponins form stable foams in water and occur in a wide variety of plants, and to a lesser extent in marine animals. 1, 2 Some saponins have properties of hemolysis, bitterness, complex formation with cholesterol, and fish poisons. [3] [4] [5] [6] Saponins consist of sugar moieties linked to aglycone, which are classified into triterpenoid and steroid types, sugars are linked to the aglycone generally through an ester or an ether linkage at one or two sites. [7] [8] [9] Saponins are found predominantly in the secondary metabolites of starfish and exist as complex mixtures in minute amounts. The glycosides of polyhydroxysteroids are widely distributed in starfish as one of saponins and consist of a steroidal aglycone linked to one or two sugar moieties in both sulfated and non-sulfated forms. [10] [11] [12] [13] [14] [15] [16] To study the structure of small amounts of saponins extracted from plants and marine animals, researchers have applied several analytical methods. Although NMR methods have successfully been used, the utility of NMR is limited due to the amount of material required for NMR analyses.
Mass spectrometry (MS) has been a major analytical tool, due to its convenience and high sensitivity in the structural analysis. For the determination of molecular weight for saponins, several mass spectrometrical methods have been used such as fast atom bombardment (FAB), 17 field desorption (FD), 18 and plasma desorption (PD) 19 mass spectrometry. The FAB mass-analyzed ion kinetic energy/collision-induced dissociation (MIKE/CID) technique as tandem mass spectrometry has been first reported for the structural determination of several triterpene saponins extracted from plants. 20 Recently, the electrospray ionization (ESI)-CID technique with triple quadrupole 21 and ion trap 22 tandem mass spectrometers has been widely employed for the saponin-structural analysis of natural products. For example, the CID mass spectra provided the structural information on the identity of the aglycone core, the attachment of sugars to the core and the nature of the O-glycosidic linkages in the appended disaccharides. However, these tandem mass spectrometric methods provide only limited structural information because of low energy collision.
The structural determination of saponins extracted from plants has been extensively studied with several tandem mass spectrometers. However, the mass spectrometric study of steroidal saponins with xylopyranosyl-O-sulfonyl group 
Experimental

Extraction and isolation
The frozen starfish material (9 kg) was extracted with methanol at room temperature. The methanol extract was partitioned between water and methylene chloride. The methylene chloride layer was further partitioned between 90% methanol and n-hexane to afford 90% methanol (14 g) and nhexane soluble (39 g) fraction. The 90% methanol fraction was subjected to a reversed-phase flash column chromatography (YMC Gel ODS-A, 60 Å 500/400 mesh), to isolate compounds I, II and III (Fig. 1) . The detail purification procedure is described in our previous study. 23 
Instrumentation
FAB mass spectra were recorded with a JMS-700 Mstation mass spectrometer (JEOL, Tokyo, Japan) using a MS-MP9020D data system. The ion source was operated at 10 kV accelerating voltage with a mass resolution of 1500 (10% valley). Ions were produced by FAB using a cesium ion gun operated at 25 kV. Samples were dissolved in methanol and mixed with 1 µL of 3-nitrobenzyl alcohol (NBA, Sigma, St. Louis, MO, USA) on the FAB probe tip. Sodium-adducted molecule [M+Na] + ions were generated for the sample in NBA matrix saturated with NaI (Sigma). Calibration was performed with Ultramark 1621 (PCR, Gainesville, FL, USA) in the positive-ion mode and negative-ion mode as standard.
FAB exact mass measurement at a resolution of 10000 (10% valley) was used. Samples (1 µL) were mixed with 1 µL of polyethylene glycol (PEG 600, Sigma) as a calibration standard in NBA matrix saturated with NaI.
B/E-linked scan was carried out using a JMS-700 Mstation mass spectrometer with B/E configuration. Precursor ions were accelerated at a translational energy of 10 kV at a resolution of 1500 and then made to collide with helium (50% beam reduction).
Results and Discussion
Typical FAB mass spectra of three saponins obtained by the positive-ion mode are shown in Fig. 2 presence of a sulfate group. The fragmentation ion at m/z 531 shows cleavage of cyclic ether ring in sugar unit, and the product ion at m/z 503 displays cleavage of the bond between a sugar unit and the side chain of aglycone. Generally, structures containing sugar moieties show intense peaks due to cleavage of sugar units, allowing observation of fragmentation of sugar units in MS/MS spectra. 24 On the other hand, these compounds lead to characteristic cleavages between sugar moieties, such as the peaks at m/z 737 and 503, to afford important information on the sugar sequences and the presence of sulfonyl group in xylopyranosyl moiety. However, the fragment ions of the side chain of aglycone did not appear in this spectrum and the double bond position of the side chain can not be determined exactly.
The MS/MS spectrum of compound II, though not shown here, shows results similar to those obtained with compound I. The structure of compound II is missing one hydroxyl group at R1 position of aglycone, compared to compound I. The fragmentations corresponding to losses of NaHSO4 and methyl xylopyranosyl from [M+Na] + ion can be observed at m/z 747 and 721, respectively. The product ions at m/z 601 and 583 are due to glycosidic cleavage between xylopyranosyl and methyl xylopyranosyl. The characteristic ions at m/z 849 and 143 correspond to [M+Na-H2O] + and [NaHSO4+Na] + , respectively. The peak at m/z 487 indicating cleavage of the bond between a sugar unit and the side chain of aglycone is observed at very weak intensity, but the product ion at m/z 515 obtained from cleavage of the cyclic ether ring is observed at strong intensity.
Compound III is prepared by the solvolysis of compound I in dioxane-pyridine solution, to afford the desulfonation derivative. 
Conclusion
The typical features of the positive-ion FAB mass spectra of the saponins were the appearance of [ group. The unique fragmentation of saponins containing sulfate groups was mainly due to cleavage between methyl xylopyranosyl and sulfated xylopyranosyl and the sulfated group. Moreover, the characteristic ion at m/z 143 was shown to be a common diagnostic ion for sulfate-containing saponins. Especially, the sugar sequence and the side chain structure of aglycone in saponin could be more clearly identified by the comparing the MS/MS spectrum of [M+Na] + ion of sulfonyl saponin with that of its solvolysis product. Structural information could be obtained from CID-MS/MS experiments on the saponin of [M+Na] + ions which include the nature of the steroidal, the type of sugars attached to aglycone, and the attachment points of the sugars to the steroidal, on the base of the fragment ions produced from both sulfonated saponins and desulfonated saponin.
